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UNIFORM PRESSURE PAD FOR 
ELECTRICAL CONTACTS 

TECHNICAL FIELD 

This invention relates to ensuring uniform contact in 
electrical connector, and in particular to a resilient pressure 
pad providing uniform contact pressure for multiple electri 
cal contacts. 

BACKGROUND OF THE INVENTION 

Flexible conductor strips, commonly referred to as “flex 
Strips, are often used to electrically interconnect electrical 
devices Such as circuit boards in an assembly, connectors on 
a circuit board, and other electrical devices that may expe 
rience relative motion. Flex Strips are generally well-known 
in the art as multiple flat electrical conductors usually laid 
out in parallel Strips and encased in a flexible nonconductive 
material. The resulting flexible electrical interface, i.e., the 
flex strip, can be bent and twisted within limits. Often, 
electrical connection means are provided at either end of the 
conductive Strip by either pins or holes for insertion of male 
pins. In Such instances, electrical interconnection is com 
monly provided by Solder joints. Electrical contact can be 
made by other means as well. For example, button contacts 
formed at the ends of the individual constructive Strips can 
be held in contact with mating contact pads on the electrical 
device. In practice, this latter type of electrical contact is not 
unlike an over center Switch wherein one contact is Station 
ary or fixed and the other contact is pressed against the 
Stationary contact with a Spring force. Generally Such 
Switches are limited to a single pair of mating contacts in 
part because of a need to apply uniform contact preSSure to 
each of the pairs of mating electrical contacts. Uniform 
contact preSSure is difficult to ensure when a single Spring is 
used to uniformly load more than one contact pair. The 
difficulty of Supplying uniform pressure is greatly increased 
when the number of electrical contact pairs is increased. 
Greatly increasing the number of contacts, reducing the 
contact pad size, and decreasing the current passed through 
the contact interface are all factors that exacerbate the 
already difficult problem. 

Generally, the prior art Solutions provide a non-uniform 
loading across an array of rows and columns of contact pad 
pairs that either fails to provide reliable contact pressure to 
Some of the contact pads, or load Some of the contact pads 
So Severely that they are crushed. Therefore, a mechanism 
providing truly uniform loading across an array of contact 
pad is desirable. 

SUMMARY OF THE INVENTION 

The present invention provides a clamp for coupling 
electrical contacts on a flexible conductor Strip, or flex Strip, 
with a Substantially uniform preSSure against mating con 
tacts on another device, Such as a circuit board. The clamp 
includes a housing formed with a receSS of Substantially 
uniform depth. A thin pad of elastomeric insulation material 
is sized to fit snugly within the width and breadth of the 
housing. The elastomeric pad is formed with a Substantially 
uniform thickness greater than the depth of the receSS in the 
housing and thus extends beyond the receSS depth. An array 
of Substantially uniform pressure areas are formed in the pad 
Surface at interstices between an array of evenly spaced rows 
and columns of cavities formed in the pad thickness. Clamp 
ing means, for example, one or more threaded fasteners, 
Secures the housing to a mating Surface, Such as a circuit 
board. 
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According to one aspect of the invention, a rigid metal 

backing plate is provided opposite the receSS in the housing 
to Strengthen the housing. Preferably, the clamping means 
also Secures the backing plate to the mating Surface. 
According to one aspect of the invention, the resilient pad 

thickness is approximately double that of the depth of the 
receSS in the housing. 

According to another aspect of the invention, the cavities 
formed in the elastomeric pad are cylindrical cavities 
extending approximately halfway through the pad thickness. 

According to other aspects of the invention, the present 
invention provides a various methods for clamping multiple 
rows and columns of electrical contacts with Substantially 
uniform pressure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates one embodiment of the present 
invention, wherein the uniform pressure pad of the invention 
provides Substantially uniform loading to an array of rows 
and columns of contact pads formed on a flexible conductor 
strip or “flex strip'; 

FIG. 2 is a Section View taken through the connector 
clamp of the present invention; 

FIG. 3 shows the connector clamp of the invention in 
combination with rows and columns of contact pads formed 
on flexible conductor Strip to be mated with contact pads on 
another device, 

FIG. 4 is an enlarged view of the resilient pad of the 
invention; 

FIG. 5 is an enlarged view of pad housing 28 of clamp 24, 
and shows the recess 40 configured to accept resilient pad 
26; 

FIG. 6 illustrates the combination of the resilient pad the 
invention with the pad housing the invention; 

FIG. 7 is a bottom view of the connector clamp of the 
invention, including the flexible conductor Strip to be 
clamped; and 

FIG. 8 illustrates the results of a finite element analysis of 
the compression force Supplied by resilient pad and clamp of 
the invention according to one embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 illustrates one embodiment of the invention, 
wherein the uniform pressure pad of the invention provides 
Substantially uniform loading to an array of rows and 
columns of contact pads formed on a flexible conductor Strip 
or “flex strip.” In FIG. 1, a circuit board 10 is interconnected 
to another circuit board 12 by insertion of connector 14 on 
circuit board 10 into a Stationary mating connector 16 
mounted on circuit board 12. Connector 14 is movable 
relative to circuit board 10 So that after circuit board 10 is 
physically seated relative to circuit board 12. Connector 14 
is Subsequently mated with connector 16 thereby reducing 
the opportunities for damage to either of connectors 14 and 
16 by overly aggressive insertion when circuit board 10 is 
Seated. Such an application requires that connector 14 be 
movable relative to circuit board 10. Therefore, connector 
14 is desirably electrically interconnected with circuit board 
10 via a flexible conductor strip 20. In order to accommodate 
a large number of electrical interconnections between circuit 
board 10 and circuit board 12, connectors 14 and 16 nec 
essarily make a large number of connections. Thus, flexible 
conductor 20 also makes a large number of connections 
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between connector 14 and circuit board 10. Such a large 
number of connections are desirably made using an array of 
rows and columns of contact pads 22 formed at the ends of 
the conductors in flex strip 20, as described in more detail 
below. A connector clamp 24 is provided by the invention to 
provides a clamping force F for holding the contact pads of 
flex Strip 20 against mating contact pads on circuit board 10. 
According to the invention, clamping force F is preferably 
provided as two cooperating contact forces F1 and F2 at 
either side of flex strip 20. Cooperating forces F1 and F2 are 
provided, for example, by Screws passing through clamp 24 
into a threaded nut or plate (not shown) on an opposing Side 
of circuit board 10, or another Suitable clamping means. 

FIG. 2 is a section view taken through circuit board 10 and 
connector clamp 24. Circuit board 10 includes multiple 
electrical contact pads preferably laid out in an array of 
closely Spaced rows and columns. The array of mating rows 
Re and columns C of contact pads 22 formed on flex strip 
20 are aligned with those on circuit board 10. The section 
view of FIG. 2 shows a portion of the array of mating rows 
R and C of contact pads with the overlaying Structure cut 
away for visibility of the pads in position with the connector. 
The clamping mechanism of the invention is incorporated 
into connector clamp 24 (hereinafter clamp 24). Clamp 24 
includes a resilient pad 26 fitted into a housing 28 backed 
with a steel plate 30. Clamping forces F1 and F2 are 
provided, as mentioned above, by one of Several known 
clamping means. For example, Screws 32 (one shown) pass 
through holes in each of steel plate 30 and pad housing 28, 
and through mating holes in circuit board 10. Screws 32 are 
threadedly engaged on an opposite side of circuit board 10, 
for example, by a threaded plate (shown), a nut, or another 
suitable threaded member. Steel backing plate 30 is clamped 
securely against circuit board 10 by screws 32. Pad housing 
28 transfers the clamping force from backing plate 30 
through to resilient pad 26 thereby pressing resilient pad 26 
firmly against flexible conductor Strip 20 and making elec 
trical contact with circuit board 10 by pressing mating 
contact pads 22 together with contact pads on circuit board 
10. However, those of ordinary skill in the art generally 
recognize that when the components of clamp 24 are elon 
gated to clamp a large number of electrical contacts, clamp 
ing pressure is uneven. Non-uniform clamping pressure may 
clamp Some of the contacts So tightly that they are crushed, 
while other contact So lightly that any Signal passed there 
through is Subject to noise. In contrast, the present invention 
captures resilient pad 26 within Substantially rigid housing 
Structure 28 and provides an array of cavities formed in 
resilient pad 26 configured to fall in the Spaces between the 
rows R and columns C of contact 

FIG.3 shows the rows R and columns C of contact pads 
22 formed on flexible conductor strip 20. In the application 
illustrated, flex strip 20 curves away from the position of 
connector 14 (not shown) and folds around connector clamp 
24 into a position on an extreme Side of clamp 24. Flex Strip 
20 is held in place by one or more posts 36 projecting from 
the Surface of clamp 24 through mating holes in conductor 
Strip 20. The rows R and columns C of contact pads 22 are 
thus positioned on the face of clamp 24. The clamp 
elements, including Steel backing plate 30, pad housing 28, 
and resilient pad 26, are fitted behind the contact pad area of 
flexible conductor strip 20 and are not shown. 

FIG. 4 is an enlarged view of resilient pad. Preferably, an 
elastomeric material is used to form resilient pad 26. For 
example, a Silicon rubber or other Suitable moldable material 
forms resilient pad 26. The resilient pad material is a relative 
Soft rubber having a durometer in the Shore A range, 
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4 
preferably in the 30-60 Shore Arange. Other factors such as 
thermal, aging, and insulation properties along with resil 
iency are considered in Selection of the material. Resilient 
pad 26 is formed in a generally rectangular shape matched 
to that of the array of contact pads 22 on conductor Strip 20. 
Resilient pad 26 is formed with a thickness T that is defined 
in part by other elements of clamp 24. Resilient pad 26 is 
formed with a large number of cavities 38 arranged in rows 
R, and columns C configured to fall within the interstices 
between rows R and columns C of contact pads 22 on 
electrical conductor Strip 20, as described in greater detail 
below. According to one embodiment of the invention, 
cavities 38 are round holes formed to a depth D about 
halfway through thickneSST of resilient pad 26, but may be 
formed to a lesser or greater depth, up to and including all 
the way through the thickness T of resilient pad 26. 
Resilient pad 26 also includes multiple through holes 39 for 
mating with position control pegs formed in mating pad 
housing 28 (shown in FIG. 5) and securing pad 26 relative 
to contact pads 22 on flex strip 20. 

FIG. 5 is an enlarged view of pad housing 28 of clamp 24, 
and shows the receSS 40 configured to accept resilient pad 
26. ReceSS 40 is formed with a generally rectangular shape 
sized relatively larger than the rectangular area defined by 
rows R, and columns C of contact pads 22 on flexible 
conductor Strip 20, as is described in greater detail below. 
Recess 40 is formed with a substantially flat or planar 
Surface 42, which is formed generally perpendicularly to the 
axes of holes 44 through which screws 32 (shown in FIGS. 
1 and 2) pass to clamp against circuit board 10. Recess 40 
is further formed with four perpendicular walls 46 that are 
configured to accept and Snugly encompass resilient pad 26. 
Depth T, of recess 40 is configured relative to thickness T. 
of resilient pad 26 (shown in FIG. 4) such that depth D, is 
about onehalf the thickness T of resilient pad 26. A plurality 
of pegs 48 project perpendicularly from planar Surface 42 at 
the bottom of recess 40. Pegs 48 mate with through-holes 
38A in resilient pad 26 to maintain alignment between 
cavities 38 of resilient pad 26 and contact pads 22 on 
conductor strip 20. 

FIG. 6 illustrates the combination of resilient pad 26 with 
pad housing 28. In operation, resilient pad 26 fits into receSS 
40 in pad housing 28 with a slight interference fit so that the 
outer walls of resilient pad 26 fit Snugly against the inner 
walls 46 of recess 40. Furthermore, predetermined ones of 
cavities 38, through-holes 39, mate with pegs 48 projecting 
from planar surface 42 in the bottom of recess 40. Pegs 48 
Supply additional alignment of cavities 38 relative to pad 
housing 28 in general and relative to posts 36 in particular. 

FIG. 7 is a bottom view of the connector clamp 24, 
including flexible conductor strip 20. As shown in FIG. 7 
and described above, posts 36 pass through holes in flexible 
conductor strip 20 and align it with clamp 24. Conductor 
strip 20 is thus aligned with resilient pad 26 and cavities 38 
therein. Contact pads 22 are interstitially aligned cavities 38, 
Such that each contact pad 22 falls in an interstice between 
cavities 38. In other words, the rows R of contact pads 22 
are offset one-half of the center-to-center spacing between 
adjacent rows R., of cavities 38, while the columns C of 
contact pads 22 are Spaced one-half the distance between 
adjacent columns C of cavities 38. Thus each of the 
plurality of contact pads 22 is in direct contact with a 
respective one of a plurality of Solid portions 33, or preSSure 
regions, of the resilient pad 26 Surrounded by multiple 
cavities 38 each equally distanced from the center of a 
corresponding contact pad 22, thus having a plurality of 
webbing members 35 between the cavities 38, each of the 



US 6,514,088 B1 
S 

webbing members 35 connecting to one preSSure region at a 
first end 37 and to an adjacent preSSure region at a Second 
end 39, as shown in FIGS. 7 and 8. The described configu 
ration ensures that each contact pad 22 is engaged with a 
mating contact pad on circuit board 10 with the same amount 
of contact preSSure. Functionally, cavities 38 Surrounding 
each contact pad 22 eliminate variation in the pressure 
normally applied by a resilient pad due to the usual varia 
tions in the restriction on material flow in a Solid resilient 
pad. In contrast to a Solid resilient pad, cavities 38 provide 
a Space for material to flow when preSSure is applied, thus 
eliminating the variations in material flow and resulting in a 
uniform response to the pressure applied by clamping 
screws 32 through holes 44 in pad housing 28. 

FIG. 8 illustrates the results of a finite element analysis of 
the compression force Supplied by resilient pad 26 in the 
configuration described herein. AS shown, Zero preSSure is 
applied at the row R and column C, locations of cavities 
38 in resilient pad 26. The reduction and change in shape of 
cavities 38 indicate the material flow into those areas. The 
preSSure applied by resilient pad 26 increases outwardly 
from the locations of cavities 38 to a maximum at the 
locations mid-way between each row R and each column 
C, of cavities 38. These areas of maximum pressure corre 
spond to the row R and column C locations of contact 
pads 22 in the assembly. AS illustrated, the pressure applied 
at row R and column C locations of contact pads 22 is 
Substantially uniform, except at Outside rows and columns as 
shown by the low pressure area outboard of the row R. 
column C, of the corner cavity 38. Given the desire for 
uniform pressure application to each of the contact pads 22, 
preferred embodiments of the invention provide extra rows 
and/or columns of cavities outboard from the pressure areas 
engaging contact pads 22 on flexible conductor Strip 20. 
From the foregoing it will be appreciated that, although 

specific embodiments of the invention have been described 
herein for purposes of illustration, various modifications 
may be made without deviating from the Spirit and Scope of 
the invention. Accordingly, the invention is not limited 
except as by the appended claims. 
What is claimed is: 
1. A clamp for coupling electrical contacts, comprising: 
a housing having a receSS, 
a resilient pad having upper and lower regions, a com 

bined thickness of the upper and lower regions exceed 
ing the depth of the recess, 
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6 
the lower region of the pad sized to fit within the recess, 
a plurality of pressure regions formed in the upper region 

of the pad, each of the plurality of pressure regions 
configured to exert force on a respective one of a 
plurality of contacts on a Substrate; 

a plurality of webbing members formed in the upper 
region, each one of the plurality of webbing members 
connecting to one of the plurality of pressure regions at 
a first end of the webbing member and to an adjacent 
one of the preSSure regions at a Second end of the 
webbing member, upper Surfaces of the plurality of 
webbing members being Substantially coplanar with 
upper Surfaces of the plurality of preSSure regions, and 

a plurality of cavities formed in the upper region in Spaces 
bounded by pressure regions and webbing members, 
forming thereby a matrix of pressure regions and 
webbing members with interstitial cavities. 

2. The clamp of claim 1 wherein the each of the plurality 
of cavities is cylindrical in shape. 

3. The clamp of claim 1, further comprising: 
a plurality of projections formed on the housing within the 

receSS, and 
an additional plurality of cavities formed in the lower 

region and configured to mate with the plurality of 
projections. 

4. The clamp of claim 1 wherein the substrate is a first 
Substrate, and further comprising a Second Substrate having 
a plurality of contact pads corresponding to the plurality of 
COntactS. 

5. The clamp of claim 4 wherein: 
the housing is configured to couple with the Second 

Substrate; 
the housing includes alignment means configured to align 

the first Substrate with the second Substrate and each of 
the plurality of contacts of the first Substrate with a 
respective one of the plurality of contact pads of the 
Second Substrate, and 

the alignment means is also configured to align each of the 
plurality of pressure regions of the resilient pad with 
the respective one of the contacts of the first Substrate. 

6. The clamp of claim 1 wherein the pressure regions are 
arranged in an evenly Spaced array of rows and columns. 

7. The clamp of claim 1 wherein the pressure regions are 
arranged in an evenly Spaced hexagonal array. 
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